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May 2, 1950. 

Dr. L.-L. Cavalli, 
Dept. Genetics3 
University of Cambrdtdge, 

England. 

Dear Cavalli: 
‘\ 

The cultures you reqested are being sent under separate oover. 
Like yourself, I had given up hope of an entirely satisfaotory ooaclu- _ 

sion on 123 nutrition. Zethionine is clearly essen#al, but some balanced 
combination whiah will be very difficult to reconstruct, but is available 
in protein hydrolysrites, is necessary for prompt grorrth. I thought that 
methionine, threonine, and isoleuaine plus valine might be the nearest 
approach to defining its nutrition, but tie aombtition was far from satis- 
factory. 

I am glad to hear that you have overcome your mysterious difficulties 
with recombination. Ne have never had a&thing like it! 

We had once noticed some very minute, very nmtile elements in Cultures 
of K-l.2 under phase contrast, but all f could see was the flash, and aould 
not study them! live have not followed up this imident4. observation. X hope 
you don't have the impression that we have espoused the idea of a micro- 
gamete. The question seems to be absolutely open. I suggested to Davis that 
he try a filter which would leak a few bacteria, in his experimnt, but don't 
knov whether he will follow it up. 

You refer to some new crossing strains, in addition to lU.3, etc. a) Does 
this mean that you confirm the fert3Uty of ‘lw-1113? f have had such irregular 
results that 3 haven't been able to draw any definite conclusion. b) Do you 
have some hew crossable str&x~? If so, can you tell ue something of their 
his tory? I am very sorry that you were unable to correct your Nature 
nota fn rs Tatun. Professor Take plased an original and direct role in the 
early work, but has bean kind encugh to leave zuch of its later dmml.opmnt 
to PY). Throughnofault of mine, I hope,: he has not bean adequately recog- 
nized for it. He would be the last person in #a world to make any fuss about 
it, but say I suggest that it might be appropriate to make 8 marginal CoPreC- 
t&n on any offprinta that you may send him. 

As you mEIy Imgine, I ham3 been groping for almost two years for a ahrom- 
mm-aberration interpretation of the segregation data! Any number Of hyp0theees 
have cams up, but unfortunately very few could be tested with the experimental 
material available. I am rsaaonably thoroughly convinced of linearitg on the 
basis of 91 ~6 Lao VI. TL data. One oritical stumbling bloctk has been that two 
viable segreganta from a etngle heteroaygous dip&id, when intercrossed, have 
given preoisely the aame aberrant behavior as the diploid itself, or ita parents. 
This seems to rule out one of the aoat attraative exp&lanations f had thenqs 
formulated: that 677 and +161 differed in chromosom structure, in respect to 
a reciprocal translocation between two ohro~~~omss. The hamizygoua diploids 
would then have represented 3-1 sam<aUons of the synuptio complex. However, 
as Ilrayhave amtioned, some segregants from diploids have been found to show 



. 

.dque linkages in subsequent outcrossings, along the same lines as your 
evidence from S'705. With regard to the latter, however, I would raise the 
question whether the presence of both sets of selected markers (viz W  and 
MlyTr in the same region [right of ~361 as Lac might impose an apparent linkage 
of greater intensity that the amsller, difficult to interpret, interaction 
that both Newcombe and I have found betwaen Gal ahd Lat. Or, is it possible 
that, e.g., Mly may be linked to Lac, and Trto Gal, andthatbothMly+ and Tr+ 
segregate in low proportion for the same reason as Malt+? 

Another complication has come up in the analysis'of segregation. In a 
Lacv Malv diploid, H-226, I have found "partial" segregants.;: e.g. Lacv AU-. 
But unlike the Lac v Jdal- usually picked up in Het crosses, these pure Mal- 
are homozygous for Mal, giving Malv when revarss arecselected on EUS maltose. 
53x Hz is also segregating for Xyl, and I found one Lacv Xylv Mal-. The linkage 
of Xyl to Mel allows two types of Mal v reversions to be dist~uished: 
Xyl+ Ual+/Xyl- Mel- (coupling, or %isl'), and + - / - + (repulsion or "trans2). 
Here at last one should find a distribution into txo equal classes, uhless there 
are effects on tha mutability of the tso Mal- alleles. 10 have ao far been tested: 
6 cis; I+ trans. I hope to test enough to come to some more decisive conclusion 
as to the equality of the two types, as L think that this may be a fundamental, 
though not a pregnant, datum supporting the whole concept of chromoaomsl organizatic 
Also found as partial segregantsr Lac- J&lv Xyl v; Lacv Mal- Xyl-, and others.' 
Especially because of the latter, I don't think we are dealing w&h spontaneous, 
[ and vary frequant] mutation dlaom Mal+ to -. At any rate, these Itpartial segregatic 

would appear to result from some sort of meiotic nondisjunction or refusion 
process. They parallal the process by which Het crosses yield diploids homozygous 
for factors distinct ti the parents. But so far, 1 have not found any parallel 
in the behavior of a persistent diploid for the elimination, e.g.gf MaI., that 
takes place in the usual formation of persistent diploids. [Mr. Gordon Allen, 
working &xc with Davis, has some new data confirming the notion that this elimi- 
nation also occurs in production of '*typical" prototrophs- he has been finding 
the complementary types, e.g. P-T- and Z&-L- in nutritional 
selections from U-T- x T-Z+-. The complementary types are not complementary for 
&I..] We have then to think of the following paturbations~)dalations, usually 
for Mal, etc., either from the gametes or the zygote at an earls stage, b) probably 
repeatad (how many timss?) meiosis with refuaions of meiotic products [or non- 
disjunction], c> possibly a consequence of g, non-random segregation of factors. ' 
3x I am hopeful that this can all be explained on a chromosome structural basis, bu. 
am inclined to think in terms of aberrations (rings; duplications) that do not 
require structural heterozygosity to give interesting results. ._ _ 
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There was very little of general biometric interest in my thesis, and I don't think t it would be worth the rouble to get it. The problem of estimating the abolute map 
distance from triple-crossover frequency was handled as follows: 

4 . BM= lkc b Vl E Tl a+b+c = x = map distance 

Since there is assumed to be no interldrence, there will be a Poisson di$tribution 
of crossovers in x, or in any part a.... Let ra... rd represent the propoations of 

prototrophs found in each of the 3 single crossover classes, or the triple class. 
Since odd numbers of crossovers are needed for a r8combination, w8 sum the odd 
terms of the Poisson series, to give., e.g. eex sinh x [= l/2 i l-e -31. 
w8 thus can obtain 8Xpr8sSiOns Of th8 form: . 

ra = (si.nh a) (a6sh.b) (cash c) / sinh x and 

'd = sinh a/sinh b sinh c/ sinh x. From this, one obtains explicit . 

tanh2 a p ra rdi % rc* 

solutions of the form: 

If the contributions of multiple crossovers to r,, eta., can be ighored, the 
simpler approzimation: 

-rd Ls Shh SaXa Shah sbx. sinh sex / sinh x is derived which has the 

(Where Sa = ra/ l-rd ) advantage of being a single equation in one 

variable, xi 

. 


